Some differences between linoleic acid hydroperoxides (LAHPO) and their secondary products in their function in cell damage were determined. E. coli cells were incubated with the autooxidized products of linoleic acid-1-14C; hydroperoxides and their secondary products.
products the radioactivity was contained mostly in the precipitate fraction.
A positive relationship between a lowering of the inhibitory effect and u decrease in the incorporation was observed in the case of LAHPO when antioxidants were added to the reaction system. No such effect was observed with the secondary products.
These results may show that the inhibition of growth by LAHPO is due to a radicaltype reaction accompanied by the penetration of LAHPO into the cell sap, while the inhibi tion of growth by the secondary products may be due to a different type of reaction which includes non-specific adsorption to the cell surface.
In the preceding paper," it was reported that linoleic acid hydroperoxides (LAHPO) and their secondary products caused a total inhibi tory effect on the growth of Escherichia coli (E. coli) B cells when added at an early log phase of growth. The inhibitory effect of LAHPO could be suppressed by some agents, but they failed to affect the inhibition by the secondary products. were prepared from linoleic acid-l-14C.
MATERIALS AND METHODS
Materials.Linoleic acid was purchased from Tokyo Kasei Co. Linoleic acid-1-14C was obtained from Daiichi Chemical Co., Tokyo.
E. coli B grown as described previously was used.)
Preparation of the autoxidized products of linoleic acid-1-14C. In the presence of 2 ml of carrier linoleic acid, 0.l mCi of linoleic acid-1-14C (specific activity 20 mCi/mmole) was rotated as a thin film on the inner surface of a round bottomed flask for 65 hr at 37°C in air using a rotary evaporator.
LAHPO and their secondary products were isolated from the reaction mixture by column chromatography as de scribed in the preceding paper.') Their purities were confirmed by thin-layer chromatography (TLC). On the basis of the results of TLC, LAHPO had a purity of more than 90%. The contents of the secondary products were not determined but may contain alde hydes, ketones, alcohols, ete.7) Incorporation of the secondary products into E. coli cells. In all the determinations with the secondary products the conditions were essentially the same as described in the case of LAHPO-1-14C, except that 0.05 ml of the secondary products (5 mg/ml methanol, total count 1,410,000cpm/tube) was added instead of LAHPO.
Effects of some compounds on the incorporation of LAHPO and the secondary products into E. coli cells.
To the preincubated cell suspension 0.05 ml of test compounds (final concentration 10-3 M) was added prior to the addition of 0.05 ml of LAHPO-1-14C or the secondary products, and the whole mixtures were incubated for 3hr.
Following treatments were the same as described in the above experiments.
Incorporation into the cellular fraction.
The cells were incubated with LAHPO-1-14C as described above. At desired time intervals a couple of tubes were withdrawn, and the cells of each tube were sedimented by centrifugation at 35,000 rpm for 5 min. They were washed 3 times with buffer (the same as the media for the growth of cells), and then suspended in 1 ml of buffer. The suspension was subjected to ultrasonic oscillation at 20 kc for 1 min. The total radioactivity in the cells were determined by taking 0.05 ml of the mixture. The remaining fluid was subjected to ultracentrifugal fractionation at 80,000 x g for 1 hr. Ap propriate aliquots of the precipitate and the supernatant were taken into planchets, dried by infrared light and the radioactivity was determined.
RESULTS
Incorporation of LAHP0-I-14C in E. coli cells LAHPO (final concentration 10-3M) when added at the early log phase of the growth of E. coli inhibited the growth completely as shown in the preceding paper.1) LAHPO-1-14C was incubated with the cell suspension of E. coli as described in the experimental section. On the determination of the radioactivity, the cells were disintegrated by sonication, and the sonicated suspension was fractionated as de scribed in the experimental section.
No significant
incorporation was observed at Ohr (Fig. 1) . The incorporation of LAHPO-1-14C into the whole cells increased linearly with time up to about 2 hr of incubation be yond which it tended to reach a maximum.
Most of the radioactivity incorporated were found in the soluble fraction.
The precipitate fraction contained only little amount of radioactivity.
In the next experiment, the incorpo ration of LAHPO-1-14C was determined in much shorter times of incubation (Fig. 2) , The soluble and the precipitate fractions Con tained almost equal amounts of radioactivity in 10 min. After that, the radioactivity in the soluble fraction increased while that of the precipitate remained without much increases.
When the cells were incubated with 10-3M LAHPO and then transferred to fresh media to determine their viability, they were found to be almost completely dead after 20 min of incubation with LAHPO ( Fig. 3) . These facts show that the radioactive substance were con tinuously incorporated into the cells even after their death.
Among the various substances tested, butyl hydroxy anisol (BHA), butyl hydroxy toluene (BHT), uric acid, tryptophan and tyrosine caused a considerable reduction of the incorpo ration of LAHPO-l-14C into the cells (Table I) .
The efficiency in reducing the incorporation At 5 min intervals aliquots were with drawn. The cells were sedimented, washed 3 times with buffer and test the viability by incubating in fresh medium. Incorporation of the secondary products in E. coli cells The secondary products when added at an early log phase of the growth of E. coli at the concentration shown in the experimental sec tion caused a total inhibitory effect on the growth. The cells were found to be dead even after 5 min of incubation with the secon dary products.
The infected cells did not grow any more even when they were trans- ferred to fresh media. However, the radioac tivity was continuously incorporated into the cells (Fig. 4) . The time course of incorporation was similar to that of LAHPO-1-14C, except that the amount of radioactivity in the pre cipitate fraction were much larger than that in the soluble fraction, in contrast to the case of LAHPO-1-14C. All the substances used in the experiment with LAHPO (Table I) were tested for their effects on the incorporation of the secondary products and on the growth, None of the substances had any appreciable influence on the incorporation of the secondary products , or on the growth of E. coli in the presence of the secondary products (Table  II) . The incorporations at 0°C were much smaller than those at 37°C and were not affected by the presence of those compounds tested.
DISCUSSION
The time course of incorporation of LAHPO-1-14C and their secondary products showed considerable differences in the distribution of radioactivities in the precipitate fraction and the soluble fraction ( Figs. 1 and 2 The antioxidative effects of uric acid" and tryptophan9, 10) have also been proposed .
On the other hand, L-ascorbic acid did not show any antioxidative effect against lipid oxidation but it markedly stimulated the oxida tion of linoleic acid and the decomposition of LAHPO by hematin and metal ions."" The stimulating effect of L-ascorbic acid to the incorporation of LAHPO was noticed in the present experiment (Table  I) . From the foregoing observations , it may be assumed that the inhibition of the cell growth by LAHPO is due to a radical-type reaction, accompanied by the penetration of LAHPO into the cell sap, while the inhibition by the secondary products may be due to a different type of reaction which includes non-specific adsorption to the cell surface .
